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(57) ABSTRACT

A pulse modulator generates a pulse modulation signal S,,,
having a duty ratio which is adjusted according to a feedback
voltage Vib that corresponds to the output voltage VOUT of
a DC/DC converter. A second oscillator generates a second
cyclic signal which is asserted with each of a predetermined
second period. A light load detection circuit generates a light
load detection signal which is asserted when the feedback
voltage VIb becomes lower than a first threshold voltage. A
driving circuit drives a switching transistor according to the
pulse modulation signal S, .. Furthermore, the driving circuit
suspends the driving of the switching transistor during a
period until the second cyclic signal is next asserted after the
light load detection signal is asserted.
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1
DC/DC CONVERTER

The present invention claims priority under 35 U.S.C. §119
to Japanese Application No. 2012-167740 filed Jul. 27,2012,
the entire content of which is incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a DC/DC converter.

2. Description of the Related Art

Various kinds of consumer electronics devices such as
TVs, refrigerators, etc., are each configured to operate receiv-
ing commercial AC electric power from an external circuit.
Also, electronic devices such as laptop computers, cellular
phone terminals, and PDAs (Personal Digital Assistants) are
each configured to operate using commercial AC electric
power, and/or to be capable of charging a built-in battery
using such commercial AC electric power. Such consumer
electronics devices and electronic devices (which will collec-
tively be referred to as “electronic devices” hereafter) each
include a built-in power supply apparatus (inverter) config-
ured to perform AC/DC conversion of commercial AC volt-
age. Alternatively, such an inverter is configured as a built-in
component included within an external power supply adapter
(AC adapter) for such an electronic device.

Related techniques are disclosed in Japanese Patent Appli-
cation Laid-Open No. H09-098571, and Japanese Patent
Application Laid-Open No. H02-211055, for example.

FIG. 1 is a block diagram showing an inverter investigated
by the present inventor. An inverter 1» mainly includes a fuse
2, an input capacitor Ci, a filter 4, a diode rectifier circuit 6, a
smoothing capacitor Cs, and a DC/DC converter 10r

The commercial AC voltage V . is input to the filter 4 via
the fuse 2 and the input capacitor Ci. The filter 4 is configured
to remove noise included in the commercial AC voltage V .
The diode rectifier circuit 6 is configured as a diode bridge
circuit configured to perform full-wave rectification of the
commercial AC voltage V .. The output voltage of the diode
rectifier circuit 6 is smoothed by the smoothing capacitor Cs,
thereby generating a converted DC voltage VH.

The insulated DC/DC converter 107 is configured to
receive the DC voltage VH via an input terminal P1, to step
down the DC voltage VH thus received, and to supply an
output voltage VOUT stabilized to the target value to a load
(not shown) connected to an output terminal P2.

The DC/DC converter 107 includes a control circuit 1007,
an output circuit 200, and a feedback circuit 210. The output
circuit 200 includes a transformer T1, a first diode D1, a first
output capacitor CM, a switching transistor M1, and a detec-
tionresistor RS. The output circuit 200 has a typical topology,
and accordingly, detailed description thereof will be omitted.

An output terminal (OUT terminal) of the control circuit
100~ is connected to the gate of the switching transistor M1
via a resistor Rg. The control circuit 1007 is configured to
perform switching of the switching transistor M1 so as to step
down the input voltage VH, thereby generating the output
voltage VOUT. Furthermore, by adjusting the duty ratio of the
switching operation of the switching transistor M1, the con-
trol circuit 1007 is configured to stabilize the output voltage
VOUT to a target value, and to control a coil current [Lp that
flows through a primary winding W1 of the transformer T1.

The detection resistor RS is arranged in series with the
primary winding W1 of the transformer T1 and the switching
transistor M1. A voltage drop (detection voltage) V -, which
is proportional to the current ILp that flows through the pri-
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2

mary winding W1 and the switching transistor M1, develops
across the detection resistor RS. The detection voltage V < is
input to a current detection terminal (CS terminal) of the
control circuit 1007. The control circuit 1007 is configured to
control, based on the detection voltage V ., the current ILp
that flows through the primary winding W1.

The feedback circuit 210 is configured to generate a feed-
back voltage Vib that corresponds to the output voltage
VOUT, and to supply the feedback voltage Vb thus generated
to a feedback terminal (FB terminal) of the control circuit
100~. The feedback circuit 210 includes a shunt regulator 212
and a photocoupler 214. The shunt regulator 212 is config-
ured as an error amplifier, and is configured to generate a
feedback signal S11 having a level adjusted such that the
difference between the output voltage VOUT and a predeter-
mined target value approaches zero, and to supply the feed-
back signal S11 thus generated to a light-emitting diode of the
photocoupler 214. A phototransistor (or otherwise a photo-
diode) of the photocoupler 214 is configured to convert a light
signal S12 received from the light-emitting diode into the
feedback voltage V1b that corresponds to the feedback signal
S11.

On the primary winding side, the transformer T1 includes
an auxiliary winding W3, in addition to the primary winding
W1. The auxiliary winding W3, a second diode D2, and a
second output capacitor C, form a second DC/DC con-
verter. At the second output capacitor C ., a DC voltage V.
develops according to the switching of the switching transis-
tor M1. The DC voltage V. is supplied to a power supply
terminal VCC (VCC terminal) of the control circuit 1007. A
start resistor Rstart is arranged between the VCC terminal and
the input terminal P1. In the starting operation, the capacitor
C, 18 charged via the start resistor Rstart, thereby supplying
the power supply voltage V - to the control circuit 100#

The control circuit 1007 is configured as a so-called peak
current mode pulse modulator. Specifically, the control cir-
cuit 1007 includes an edge blanking circuit 102, a pulse
modulator 110, a driving circuit 130, and a light load detec-
tion circuit 140.

Immediately after the switching transistor M1 is turned on,
the detection voltage V s temporarily jumps. In order to pre-
vent undesired turning-oft of the switching transistor M1 due
to such a jump in the detection voltage V -, the edge blanking
circuit 102 is configured to mask the detection voltage V¢
during a mask period immediately after the switching tran-
sistor M1 is turned on.

A capacitor Cfb is connected to an FB terminal as an
external component. Furthermore, the FE terminal is pulled
up via a resistor R11. The feedback voltage Vb is divided by
means of the resistors R12 and R13.

The pulse modulator 110 is configured to generate a pulse
signal S, having a duty ratio which is adjusted according to
the feedback voltage Vib. The pulse modulator 110 is config-
ured to control the timing at which the switching transistor
M1 is turned off, according to the detection voltage V¢
which is proportional to the coil current ILp that flows
through the switching transistor M1. Known examples of
such a pulse modulator 110 include an average current mode
modulator, a peak current mode modulator, and a fixed off-
time mode pulse modulator. A driver 104 is configured to
perform switching of the switching transistor M1 according
to the pulse signal Sz, ,.

The pulse modulator 110 shown in FIG. 1 is configured as
a peak current mode modulator, and includes an error com-
parator 112, an oscillator 114, and a logic unit 116. The error
comparator 112 is configured to compare a divided feedback
voltage VIb' with a detection voltage V¢'. The error com-
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parator 112 is configured to generate an off signal S, - which
is asserted when the detection voltage V . reaches the feed-
back voltage Vib'.

The oscillator 114 is configured to generate an ON signal
S o Which is asserted with a predetermined cycle. The logic
unit 116 is configured as an SR flip-flop. The logic unit 116 is
arranged such that the ON signal S, is input to its set termi-
nal, and an OFF signal S . is input to its reset terminal. An
output signal (which will be referred to as a “pulse modula-
tion signal”) S, , of the logic unit 116 transits to the on level
(high level) that corresponds to the on state of the switching
transistor M1 every time the ON signal S, is asserted. Fur-
thermore, the pulse modulation signal S, transits to the off
level (low level) that corresponds to the off state of the switch-
ing transistor M1 every time the OFF signal S is asserted.

The driving circuit 130 is configured to perform switching
of the switching transistor M1 according to the pulse signal
Szas The driving circuit 130 includes a pre-driver 132 and a
driver 134.

The light load detection circuit 140 is configured to detect
a light load state in which the DC/DC converter 107 outputs a
reduced output current. The light load detection circuit 140 is
configured to generate a light load detection signal S140
which s asserted (set to low level) when the DC/DC converter
107 enters the light load state. The light load detection circuit
140 includes a burst comparator 142 and an inverter 144.

When, in the light load state, the output current of the
DC/DC converter 10~ falls, the output voltage VOUT rises,
and the feedback voltage Vb drops. Thus, the burst compara-
tor 142 is configured to compare the feedback voltage VIb'
with a predetermined threshold voltage Vth. Furthermore, the
burst comparator 142 is configured such that, when V{b'
becomes smaller than Vith, it judges that the DC/DC converter
107 has entered the light load state. The inverter 144 is con-
figured to invert the logic level of the light load detection
signal S140.

The pre-driver 132 is configured to suspend the switching
of the switching transistor M1 during a period in which the
light load detection signal S140 is asserted.

In the heavy load state, the DC/DC converter 107 shown in
FIG. 1 operates at a switching frequency that is the same as
the frequency of the ON signal S, generated by the oscilla-
tor 114. Typically, the frequency ofthe ON signal S,/ is set to
a frequency that is sufficiently higher than the audible band.
For example, the frequency of the ON signal S, is setto a
frequency on the order of 50 to 100 kHz.

In the light load state, the switching transistor M1 performs
a burst switching operation according to the light load detec-
tion signal S140. Inthis state, the switching rate of the switch-
ing transistor M1 is reduced. This reduces the charge/dis-
charge current that flows to/from the gate capacitance of the
switching transistor M1, thereby providing improved effi-
ciency.

With such an arrangement, the period in which the light
load detection signal S140 is asserted in the light load state,
i.e., a period in which the switching operation is suspended,
becomes longer as the supply of electric power to the load
becomes smaller. Thus, in the light load state, the effective
switching frequency of the switching transistor M1 becomes
lower as the period of suspension of the switching operation
becomes longer, and at length it enters the audible band,
which is equal to or below 20 kHz, leading to acoustic noise.
In particular, such acoustic noise ranging between 4 kH and
20 KHz is also referred to as “mosquito noise”, which is very
unpleasant. Thus, there is a demand for reducing such acous-
tic noise.
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Also, the length of the switching noise suspension period,
i.e., the switching frequency in the light load state, depends on
the capacitance of the capacitor CM and the input voltage VH,
in addition to the electric power supplied to the load. The
capacitance of the capacitor CM and the input voltage VH
differ according to the platforms on which the control circuit
100~ is operated. Thus, it becomes necessary to provide noise
countermeasures according to the platform.

SUMMARY OF THE INVENTION

The present invention has been made in order to solve such
a problem. Accordingly, it is an exemplary purpose of an
embodiment of the present invention to provide a DC/DC
converter which is capable of reducing such unpleasant
acoustic noise.

An embodiment of the present invention relates to a control
circuit for a DC/DC converter. The DC/DC converter com-
prises a switching transistor and a detection resistor arranged
on a path of the switching transistor. The control circuit com-
prises: an error comparator configured to compare a feedback
voltage that corresponds to an output voltage of the DC/DC
converter with a detection voltage across the detection resis-
tor, and to generate an OFF signal which is asserted according
to a comparison result; a first oscillator configured to generate
a first cyclic signal which is asserted with each of a predeter-
mined first period; a logic unit configured to generate a pulse
modulation signal having a level that is switched according to
the OFF signal and the first cyclic signal; a second oscillator
configured to generate a second cyclic signal which is
asserted with each of a second period that is longer than the
first period; a light load detection circuit configured to gen-
erate a light load detection signal which is asserted when the
feedback voltage becomes lower than a predetermined first
threshold voltage; and a driving circuit configured to drive the
switching transistor according to the pulse modulation signal,
and to suspend the driving of the switching transistor during
aperiod until the second cyclic signal is next asserted after the
light load detection signal is asserted.

Another embodiment of the present invention also relates
to a control circuit for a DC/DC converter. The DC/DC con-
verter comprises a transformer, a switching transistor
arranged on a current path of a primary winding of the trans-
former, and a detection resistor. The transformer comprises
an auxiliary winding provided on its primary winding side.
The control circuit comprises: an error comparator config-
ured to compare a feedback voltage that corresponds to an
output voltage of the DC/DC converter with a detection volt-
age across the detection resistor, and to generate an OFF
signal which is asserted according to a comparison result; an
ON signal generating unit configured to generate an ON
signal which is asserted when a voltage at one end of the
auxiliary winding becomes lower than a predetermined sec-
ond threshold voltage; a logic unit configured to generate a
pulse modulation signal having a level that is switched
according to the OFF signal and the ON signal; a second
oscillator configured to generate a second cyclic signal which
is asserted with each of a predetermined second period; a light
load detection circuit configured to generate a light load
detection signal which is asserted when the feedback voltage
becomes lower than a predetermined first threshold voltage;
and a driving circuit configured to drive the switching tran-
sistor according to the pulse modulation signal, and to sus-
pend the driving of the switching transistor during a period
until the second cyclic signal is next asserted after the light
load detection signal is asserted.
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Yet another embodiment of the present invention also
relates to a control circuit for a DC/DC converter. The control
circuit comprises: a pulse modulator configured to generate a
pulse modulation signal having a duty ratio that is adjusted
based on a feedback voltage that corresponds to an output
voltage of the DC/DC converter; a second oscillator config-
ured to generate a second cyclic signal which is asserted with
each predetermined second period; a light load detection
circuit configured to generate a light load detection signal
which is asserted when the feedback voltage becomes lower
than a predetermined first threshold voltage; and a driving
circuit configured to drive the switching transistor according
to the pulse modulation signal, and to suspend the driving of
the switching transistor during a period until the second cyclic
signal is next asserted after the light load detection signal is
asserted.

With such embodiments, even if the light load state con-
tinues and the light load detection signal is continuously
asserted for a long period of time, the switching transistor is
turned on once with each second period. Thus, the switching
frequency at which the switching frequency operates in the
light load state can be set according to the second period.
Thus, such an arrangement suppresses the occurrence of
undesired, unpleasant acoustic noise.

Also, the control circuit may be configured such that it is
monolithically integrated on a single semiconductor sub-
strate.

Examples of such a “monolithically integrated™ arrange-
ment include: an arrangement in which all the circuit compo-
nents are formed on a semiconductor substrate; and an
arrangement in which principal circuit components are
monolithically integrated. Also, a part of circuit components
such as resistors and capacitors may be arranged in the form
of components external to such a semiconductor substrate in
order to adjust the circuit constants. By integrating such a
control circuit in the form of a single IC (Integrated Circuit),
such an arrangement provides a reduced circuit area while
maintaining improved uniformity of the circuit element char-
acteristics.

Another embodiment of the present invention relates to a
DC/DC converter. The DC/DC converter comprises: a trans-
former comprising a primary winding and a secondary wind-
ing; a switching transistor connected to the primary winding
of'the transformer; a first diode having its anode connected to
the secondary winding; a first output capacitor having its one
electrode grounded, and its other electrode connected to the
cathode of the first diode; a feedback circuit configured to
generate a feedback voltage that corresponds to the output
voltage across the first output capacitor; and the control cir-
cuit according to any one of the aforementioned embodi-
ments configured to receive the feedback voltage and to per-
form switching of the switching transistor.

Also, the feedback circuit may comprise: a shunt regulator
configured to generate a feedback signal having a level that is
adjusted such that the difference between a voltage obtained
by dividing the output voltage and a predetermined target
value approaches zero; and a photocoupler comprising a pri-
mary-side light-emitting element configured to be controlled
according to the feedback signal. Also, a signal generated by
a secondary-side element of the photocoupler may be sup-
plied as the feedback voltage to the control circuit.

Also, the transformer may further comprise an auxiliary
winding on its primary winding side. Also, the DC/DC con-
verter further may comprise: a second diode having its anode
connected to the auxiliary winding; and a second output
capacitor having its one electrode grounded, and its other
electrode connected to a cathode of the second diode. Also, a
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DC voltage across the second output capacitor may be sup-
plied to a power supply terminal of the control circuit.

Yet another embodiment of the present invention relates to
a power supply apparatus. The power supply apparatus com-
prises: a filter configured to perform filtering of a commercial
AC voltage; a diode rectifier circuit configured to perform
full-wave rectification of an output voltage of the filter; a
smoothing capacitor configured to smooth an output voltage
of the diode rectifier circuit, so as to generate a DC input
voltage; and the DC/DC converter according to any one of the
aforementioned embodiments, configured to step down the
DC input voltage, and to supply the DC input voltage thus
stepped down to a load.

Yet another embodiment of the present invention relates to
an electronic device. The electronic device comprises: a load;
a filter configured to perform filtering of a commercial AC
voltage; a diode rectifier circuit configured to perform full-
wave rectification of an output voltage of the filter; a smooth-
ing capacitor configured to smooth an output voltage of the
diode rectifier circuit, so as to generate a DC input voltage;
and the DC/DC converter according to any one of the afore-
mentioned embodiments, configured to step down the DC
input voltage, and to supply the DC input voltage thus stepped
down to the load.

Yet another embodiment of the present invention relates to
apower supply adapter. The power supply adapter comprises:
a filter configured to perform filtering of a commercial AC
voltage; a diode rectifier circuit configured to perform full-
wave rectification of an output voltage of the filter; a smooth-
ing capacitor configured to smooth an output voltage of the
diode rectifier circuit, so as to generate a DC input voltage;
and the DC/DC converter according to any one of the afore-
mentioned embodiments, configured to step down the DC
input voltage so as to generate the DC output voltage.

It is to be noted that any arbitrary combination or rear-
rangement of the above-described structural components and
so forth is effective as and encompassed by the present
embodiments.

Moreover, this summary of the invention does not neces-
sarily describe all necessary features so that the invention
may also be a sub-combination of these described features.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will now be described, by way of example
only, with reference to the accompanying drawings which are
meant to be exemplary, not limiting, and wherein like ele-
ments are numbered alike in several Figures, in which:

FIG. 1is a circuit diagram showing an inverter investigated
by the present inventor;

FIG. 2 is a circuit diagram showing a configuration of a
DC/DC converter including a control circuit according to an
embodiment;

FIG. 3 is a waveform diagram showing the operation of the
DC/DC converter shown in FIG. 2 in the light load state;

FIGS. 4A and 4B are diagrams respectively showing the
relation between the output voltage, the feedback voltage, and
the switching frequency in the DC/DC converters shown in
FIGS. 1 and 2;

FIG. 5 is a diagram showing an AC adapter including an
inverter;

FIGS. 6A and 6B are diagrams each showing an electronic
device including an inverter;

FIG. 7 is a circuit diagram showing a configuration of a
control circuit according to a first modification; and
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FIGS. 8A and 8B are circuit diagrams showing the con-
figurations of the pulse modulators according to the second
and third modifications, respectively.

DETAILED DESCRIPTION OF THE INVENTION

The invention will now be described based on preferred
embodiments which do not intend to limit the scope of the
present invention but exemplify the invention. All of the fea-
tures and the combinations thereof described in the embodi-
ment are not necessarily essential to the invention.

In the present specification, the state represented by the
phrase “the member A is connected to the member B”
includes a state in which the member A is indirectly con-
nected to the member B via another member that does not
affect the electric connection therebetween, in addition to a
state in which the member A is physically and directly con-
nected to the member B.

Similarly, the state represented by the phrase “the member
C is provided between the member A and the member B”
includes a state in which the member A is indirectly con-
nected to the member C, or the member B is indirectly con-
nected to the member C via another member that does not
affect the electric connection therebetween, in addition to a
state in which the member A is directly connected to the
member C, or the member B is directly connected to the
member C.

FIG. 2 is a circuit diagram showing a configuration of a
DC/DC converter 10 including a control circuit according to
an embodiment.

The DC/DC converter 10 includes a control circuit 100, an
output circuit 200, and a feedback circuit 210. The output
circuit 200 and the feedback circuit 210 have the same con-
figurations as those shown in FIG. 1.

Description will be made below regarding a configuration
of the control circuit 100.

The control circuit 100 is configured as a function IC
monolithically integrated on a single semiconductor sub-
strate. It should be noted that description of the same compo-
nents as those shown in FIG. 1 will be omitted.

The pulse modulator 110 is configured as a peak current
mode modulator, and includes an error comparator 112, an
oscillator 114, and a logic unit 116. The error comparator 112
is configured to compare a feedback voltage Vib' with a
detection voltage V¢, and to generate an OFF signal S~
which is asserted (set to high level) When V{b' becomes
smaller than V .

The oscillator 114 is configured to generate a first cyclic
signal (ON signal) S,,, which is asserted with each of a
predetermined first period. The logic unit 116 is configured to
generate a pulse modulation signal S,,, having a level that is
switched according to the OFF signal S, -and the first cyclic
signal S, The logic unit 116 may be configured as an SR
flip-flop. Also the logic unit 116 may be configured using
other kinds of logic elements.

In the same way as with the light load detection circuit 140
shown in FIG. 1, a light load detection circuit 140 according
to the present embodiment is configured to compare the feed-
back voltage Vib' with a predetermined first threshold voltage
Vithl so as to detect a light load state. The light load detection
circuit 140 is configured to assert (set to low level) a light load
detection signal S140 when a light load state is detected.

The control circuit 100 shown in FIG. 2 further includes a
second oscillator 150 and a logic gate 152, in addition to the
configuration of the control circuit 1007 shown in FIG. 1.

The second oscillator 150 is configured to generate a sec-
ond cyclic signal OSC2 which is asserted (set to high level)
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with each of a predetermined second period that is longer than
the first period. For example, the first cyclic signal S, is
configured to have a frequency Fsw1 of 25 KHz, and accord-
ingly, the first period is 40 us. On the other hand, the second
cyclic signal OSC2 is configured to have a frequency Fsw1 of
4 KHz, and accordingly, the second period is 250 ps.

A driving circuit 130 is configured to drive a switching
transistor M1 according to the pulse modulation signal S, .
The driving circuit 130 is configured to suspend the driving of
the switching transistor M1 during a period until the second
cyclic signal OSC?2 is next asserted after the light load detec-
tion signal S140 is asserted.

The logic gate 152 is configured to receive the second
cyclic signal OSC2 and the light load detection signal S140.
Furthermore, the logic gate 152 is configured to generate a
burst control signal S152 which transits to a first level (high
level) when the second cyclic signal OSC2 is asserted, and
which transits to a second level (low level ) when the light load
detection signal S140 is asserted. The driving circuit 130 is
configured to drive the switching transistor M1 during a
period in which the burst control signal S152 is set to the first
level (high level), and to suspend the driving of the switching
transistor M1 during a period in which the burst control signal
S152 is set to the second level (low level).

The logic gate 152 is configured as a D flip-flop, for
example. The D flip-flop is arranged such that a high level
voltage (e.g., power supply voltage Vce) is input to its input
terminal (D), the second cyclic signal OSC2 is input to its
clock terminal, and the light load detection signal S140 is
input to its reset terminal (inverted logical signal). The driving
circuit 130 is configured to suspend the driving of the switch-
ing transistor M1 during a period in which the output signal
S152 of the logic gate 152 is set to low level, and to perform
switching of the switching transistor M1 according to the
pulse modulation signal S,,, during a period in which the
output signal S152 of the logic gate 152 is set to high level.

Also, the logic gate 152 may be configured as another kind
of logic gate, e.g., it may be configured as an RS flip-flop
instead of such a D flip-flop, which is readily understood by
those skilled in this art.

The above is the configuration of the control circuit 100.
Next, description will be made regarding the operation
thereof. FIG. 3 is a waveform diagram showing the operation
of'the DC/DC converter 10 shown in FIG. 2 in the light load
state.

When the ON signal S,,/is asserted at the time point to, the
pulse modulation signal S,, transits to the on level (high
level), which sets the output signal S, -to high level, thereby
turning on the switching transistor M1. When the switching
transistor M1 is turned on, the current ILp that flows through
the primary winding W1 increases over time. Furthermore,
the detection voltage V - rises such that it is proportional to
the current ILp. When the detection voltage V ' reaches the
feedback voltage VIb' at the time point t1, the pulse modula-
tion signal S, transits to the off level, which turns off the
switching transistor M1.

When the switching transistor M1 is turned off, the first
output capacitor CM is charged by the current ILs that flows
through the secondary winding W2, which raises the output
voltage VOUT. The feedback signal V{b' falls according to
the rise of the output voltage VOUT. Subsequently, the light
load detection signal S140 is asserted at the time point t2.
When the light load detection signal S140 is asserted, the
burst control signal S152, which is the output of the logic gate
152, is switched to low level. When the burst control signal
S152 is switched to low level, the switching of the switching
transistor M1 is suspended.
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After the switching of the switching transistor M1 is sus-
pended, the output voltage VOUT starts to fall, which raises
the feedback voltage Vib'. When the feedback voltage V{b'
becomes higher than the threshold voltage Vth1 at the time
point t3, the light load detection signal S140 is negated (set to
low level).

Subsequently, when the first cyclic signal S ,,is asserted at
the time point t4, the pulse modulation signal S, ,is switched
to the on level, which turns the switching transistor M1 on
again. Furthermore, when the second cyclic signal OSC2 is
asserted at the time point 4, the burst control signal S152 is
asserted, which instructs the driving circuit 130 to restore the
switching of the switching transistor M1.

The control circuit 100 is configured to repeatedly perform
the aforementioned operation.

The advantages of the control circuit 100 will be clearly
understood in comparison with the control circuit 1007 shown
in FIG. 1.

FIGS. 4A and 4B are diagrams showing the relation
between the output voltage, the feedback voltage, and the
switching frequency, in a case of employing the DC/DC con-
verters shown in FIGS. 1 and 2, respectively.

With the control circuit 100 shown in FIG. 1, both the pulse
width and the frequency of the light load detection signal
S140 change according to a change in the output voltage.
Thus, with the control circuit 1007 shown in FIG. 1, as shown
in FIG. 4A, the switching frequency changes in a range that
includes the audible band according to a reduction in the
output power in the light load state when the output power is
small.

In contrast, with the control circuit 100 shown in F1G. 2, the
burst control signal S152 is asserted once with each second
period. That is to say, the frequency (burst frequency) of the
burst control signal S152 is fixed to the frequency of the
second cyclic signal OSC2. That is to say, only the pulse
width of the burst control signal S152 changes according to
the output power. As a result, the switching frequency is
maintained at the frequency Fsw2, which is the frequency of
the second cyclic signal OSC2, even if the output power falls.

Thus, by setting the frequency Fsw2 of the second cyclic
signal OSC2 to a frequency that is lower than the frequency
band that can be recognized by the user as unpleasant audible
noise which should be avoided, e.g., by setting the frequency
Fsw2 of the second cyclic signal OSC2 to 4 kHz, such an
arrangement is capable of reducing such unpleasant noise.
Furthermore, even if such acoustic noise occurs, the fre-
quency of such acoustic noise is a constant value that can be
predicted beforehand. Thus, such an arrangement facilitates
the implementation of countermeasures with respect to such
acoustic noise, which is another advantage.

Description will be made regarding the usage of the
DC/DC converter 10. An inverter 1 including the DC/DC
converter 10 is suitably employed in an AC adapter and a
power supply block of an electronic device.

FIG. 5 is a diagram showing an AC adapter 800 including
the inverter 1. The AC adapter 800 includes a plug 802, a
casing 804, and a connector 806. The plug 802 is configured
to receive commercial AC voltage V. from an unshown
electrical outlet. The inverter 1 is mounted within the casing
804. The DC output voltage VOUT generated by the inverter
1 is supplied to an electronic device 810 via the connector
806. Examples of such an electronic device 810 include lap-
top PCs, digital still cameras, digital video cameras, cellular
phone terminals, portable audio players, etc.

FIGS. 6A and 6B are diagrams each showing an electronic
device 900 including the inverter 1. The electronic device 900
shown in FIGS. 6A and 6B is configured as a display appa-
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ratus. However, the electronic device 900 is not particularly
restricted in kind, as long as it includes a power supply appa-
ratus as an internal component. Examples of such an elec-
tronic device 900 include audio devices, refrigerators, wash-
ing machines, vacuum cleaners, etc.

A plug 902 is configured to receive commercial AC voltage
Vo from an unshown electrical outlet. The inverter 1 is
mounted within the casing 804. The DC output voltage
VOUT generated by the inverter 1 is supplied to loads
mounted within the same casing 904, examples of which
include a microcomputer, DSP (Digital Signal Processor),
power supply circuit, illumination device, analog circuit,
digital circuit, etc.

Description has been made regarding the present invention
with reference to the embodiment. The above-described
embodiment has been described for exemplary purposes only,
and is by no means intended to be interpreted restrictively.
Rather, it can be readily conceived by those skilled in this art
that various modifications may be made by making various
combinations of the aforementioned components or pro-
cesses, which are also encompassed in the technical scope of
the present invention. Description will be made below regard-
ing such modifications.

[First Modification]

Description has been made in the embodiment regarding
the control circuit 100 using the pulse width modulation
method. However, the present invention is not restricted to
such an arrangement. Also, the present invention can be
applied to a control circuit using the pulse frequency modu-
lation method.

FIG. 7 is a circuit diagram showing a configuration of a
control circuit 100a according to a first modification. The
control circuit 100a includes a ZT terminal. The voltage Va at
one end of an auxiliary winding W3 is divided by resistors
Rztl and Rzt2. The voltage Vzt thus divided is input to the ZT
terminal.

A pulse modulator 110a includes an ON signal generating
unit 118 instead of the oscillator 114 shownin FIG. 2. The ON
signal generating unit 118 is configured to generate an ON
signal S,,, which is asserted when the voltage Va at the
aforementioned one end of the auxiliary winding W3
becomes lower than a predetermined second threshold volt-
age Vth2.

During a period in which the switching transistor M1 is on,
energy is stored in the transformer T1. On the other hand,
during a period in which the switching transistor M1 is off,
energy is discharged from the transformer T1. Immediately
after the switching transistor M1 is turned off, the current ILs
flows through the secondary winding W2 during a certain
period. During this period, the voltage Va is maintained at a
certain voltage level. When the energy stored in the trans-
former T1 approaches zero, the current ILs also approaches
zero. In this stage, the voltage Va fluctuates due to quasi-
resonance. When the voltage Va falls to the vicinity of zero
due to such fluctuation, the ON signal generating unit 118 is
configured to judge that the energy stored in the transformer
T1 has become zero, and to assert the ON signal S, in order
to turn the switching transistor M1 on again.

The configuration and the operation of the ON signal gen-
erating unit 118 are not restricted in particular, and may be
configured using known techniques. For example, when the
ON signal generating unit 118 detects that the voltage Va at
the aforementioned one end of the auxiliary winding W3 has
become lower than the second threshold voltage Vth2 a pre-
determined number of times, the ON signal generating unit
118 may be configured to assert the ON signal S, In this
case, the ON signal generating unit 118 may be configured
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using a comparator configured to compare the voltage Vzt
with a threshold voltage, and a counter configured to count the
transitions of the output of the comparator.

With another modification, the ON signal generating unit
118 may be configured to assert the ON signal S, when it
detects that the voltage Va at the aforementioned one end of
the auxiliary winding W3 becomes lower than the second
threshold voltage Vth2 after a certain set mask period elapses
after the switching transistor M1 is turned off.

The above is the configuration of the control circuit 100a.
The control circuit 100a thus configured provides the same
advantages as those provided by the control circuit 100 shown
in FIG. 2.

[Second Modification]

Description has been made in the embodiment regarding
the peak current mode pulse modulator 110. However, the
present invention is not restricted to such an arrangement.
FIG. 8A is a circuit diagram showing a configuration of a
pulse modulator 1105 according to a second modification.
The pulse modulator 1105 shown in FIG. 8 A is configured as
a so-called average current mode modulator. An error ampli-
fier 120 is configured to generate an error voltage Verr
obtained by amplifying and averaging the difference between
the feedback voltage Vib' and the detection voltage V4. An
oscillator 122 is configured to generate a cyclic signal OSC1
having a triangle waveform or otherwise a sawtooth wave-
form with a predetermined frequency Fswl. A PWM (pulse
width modulation) comparator 124 is configured to compare
the error voltage Verr with the cyclic signal OSC1, and to
generate a pulse modulation signal S;,, that is pulse-width
modulated according to the comparison result. With such an
average current mode modulator, such an arrangement pro-
vides the same advantages as those provided by the embodi-
ment.

[Third Modification]

FIG. 8B is a circuit diagram showing a configuration of a
pulse modulator 110¢ according to a third modification. The
pulse modulator 110¢ shown in FIG. 8B is configured as a
so-called fixed off-time mode pulse modulator.

The error comparator 112 is configured to compare the
feedback voltage VIb' with the detection voltage V ', and to
generate an OFF signal S, which is asserted according to
the comparison result. An off time fixation circuit 126 is
configured to generate a pulse modulation signal S,, which
is switched to the off level (e.g., high level) which corre-
sponds to the off state of the switching transistor M1 when the
off signal S,z is asserted, and which is switched to the on
level (e.g., low level) which corresponds to the on state of the
switching transistor M1 after a predetermined off time T,z
elapses after the pulse modulation signal S,,, is switched to
the off level. With such a fixed off-time pulse mode modula-
tor, such an arrangement provides the same advantages as
those provided by the embodiment.

[Fourth Modification]

Description has been made in the embodiment and in the
first through third modifications regarding an insulated
DC/DC converter. Also, the present invention is applicable to
a non-insulated DC/DC converter. In this case, such an
arrangement includes an inductor instead of the transformer
T1 included in the output circuit 200.

[Fifth Modification]

Description has been made in the embodiment regarding a
step-down DC/DC converter. Also, the present invention is
applicable to a step-up DC/DC converter. With such an
arrangement, the topology of the output circuit 200 may
preferably be modified.
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[Sixth Modification]

Description has been made in the embodiment regarding
an arrangement in which the shunt regulator (error amplifier)
212 is provided on the secondary side of the transformer T1.
Also, such an error amplifier may be provided on the primary
side of the transformer T1. Also, such an error amplifier may
be built into the control circuit 100.

Description has been made in the embodiment regarding
an arrangement employing a positive logic (active high) sys-
tem in which the assert state of each signal is associated with
the high level, and the negate state of each signal is associated
with the low level. Also, an arrangement may be made
employing a negative logic system. Also, such an arrange-
ment may employ a combination of the positive logic system
and the negative logic system.

Description has been made regarding the present invention
with reference to the embodiments using specific terms.
However, the above-described embodiments show only the
mechanisms and applications of the present invention for
exemplary purposes only, and are by no means intended to be
interpreted restrictively. Rather, various modifications and
various changes in the layout can be made without departing
from the spirit and scope of the present invention defined in
appended claims.

What is claimed is:

1. A control circuit for a DC/DC converter comprising a
switching transistor and a detection resistor arranged on a
path of the switching transistor, the control circuit compris-
ing:

an error comparator configured to compare a feedback
voltage that corresponds to an output voltage of the
DC/DC converter with a detection voltage across the
detection resistor, and to generate an OFF signal which
is asserted according to a comparison result;

a first oscillator configured to generate a first cyclic signal
which is asserted with each of a predetermined first
period;

a logic unit configured to generate a pulse modulation
signal having a level that is switched according to the
OFF signal and the first cyclic signal;

a second oscillator configured to generate a second cyclic
signal which is asserted with each of a second period that
is longer than the first period;

a light load detection circuit configured to generate a light
load detection signal which is asserted when the feed-
back voltage becomes lower than a predetermined first
threshold voltage; and

a driving circuit configured to drive the switching transistor
according to the pulse modulation signal, and to suspend
the driving of the switching transistor during a period
until the second cyclic signal is next asserted after the
light load detection signal is asserted.

2. The control circuit according to claim 1, further com-
prising a logic gate configured to receive the second cyclic
signal and the light load detection signal, and to generate a
burst control signal which is switched to a first level when the
second cyclic signal is asserted, and which is switched to a
second level when the light load detection signal is asserted,

wherein the driving circuit is configured to drive the
switching transistor during a period in which the burst
control signal is set to the first level, and to suspend the
driving of the switching transistor during a period in
which the burst control signal is set to the second level.

3. The control circuit according to claim 2, wherein the
logic gate comprises a D flip-flop arranged such that a high
level voltage is input to its input terminal, the second cyclic
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signal is input to its clock terminal, and the light load detec-
tion signal is input to its reset terminal.
4. The control circuit according to claim 1, configured such
that it is monolithically integrated on a single semiconductor
substrate.
5. A control circuit for a DC/DC converter comprising a
transformer, a switching transistor arranged on a current path
of a primary winding of the transformer, and a detection
resistor,
wherein the transformer comprises an auxiliary winding
provided on its primary winding side,
and wherein the control circuit comprises:
an error comparator configured to compare a feedback
voltage that corresponds to an output voltage of the
DC/DC converter with a detection voltage across the
detection resistor, and to generate an OFF signal
which is asserted according to a comparison result;

an ON signal generating unit configured to generate an
ON signal which is asserted when a voltage at one end
of' the auxiliary winding becomes lower than a prede-
termined second threshold voltage;

a logic unit configured to generate a pulse modulation
signal having a level that is switched according to the
OFF signal and the ON signal;

a second oscillator configured to generate a second cyclic
signal which is asserted with each of a predetermined
second period;

a light load detection circuit configured to generate a light
load detection signal which is asserted when the feed-
back voltage becomes lower than a predetermined first
threshold voltage; and

adriving circuit configured to drive the switching transistor
according to the pulse modulation signal, and to suspend
the driving of the switching transistor during a period
until the second cyclic signal is next asserted after the
light load detection signal is asserted.

6. The control circuit according to claim 5, further com-
prising a logic gate configured to receive the second cyclic
signal and the light load detection signal, and to generate a
burst control signal which is switched to a first level when the
second cyclic signal is asserted, and which is switched to a
second level when the light load detection signal is asserted,

and wherein the driving circuit is configured to drive the
switching transistor during a period in which the burst
control signal is set to the first level, and to suspend the
driving of the switching transistor during a period in
which the burst control signal is set to the second level.

7. The control circuit according to claim 6, further com-
prising a D flip-flop arranged such that a high level voltage is
input to its input terminal, the second cyclic signal is input to
its clock terminal, and the light load detection signal is input
to its reset terminal.

8. The control circuit according to claim 5, wherein the ON
signal generating unit is configured to assert the ON signal
when it detects that a voltage at one end of the auxiliary
winding has become lower than the second threshold voltage
after a set mask period elapses after the switching transistor is
turned off.

9. The control circuit according to claim 5, wherein the ON
signal generating unit is configured to assert the ON signal
when it detects that a voltage at one end of the auxiliary
winding has become lower than the second threshold voltage
a predetermined number of times.

10. A control circuit for a DC/DC converter comprising a
switching transistor and a detection resistor arranged on a
path of the switching transistor, the control circuit compris-
ing:
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a pulse modulator configured to generate a pulse modula-
tion signal having a duty ratio that is adjusted based on a
feedback voltage that corresponds to an output voltage
of the DC/DC converter;

a second oscillator configured to generate a second cyclic
signal which is asserted with each predetermined second
period;

a light load detection circuit configured to generate a light
load detection signal which is asserted when the feed-
back voltage becomes lower than a predetermined first
threshold voltage; and

a driving circuit configured to drive the switching transistor
according to the pulse modulation signal, and to suspend
the driving of the switching transistor during a period
until the second cyclic signal is next asserted after the
light load detection signal is asserted.

11. The control circuit according to claim 10, wherein the

pulse modulator comprises:
an error comparator configured to compare a feedback
voltage that corresponds to an output voltage of the
DC/DC converter with a detection voltage across the
detection resistor, and to generate an OFF signal which
is asserted according to a comparison result;
a first oscillator configured to generate a first cyclic signal
which is asserted with each predetermined first period;
and
a logic unit configured to generate a pulse modulation
signal having a level that is switched according to the
OFF signal and the first cyclic signal.
12. The control circuit according to claim 10, wherein the
DC/DC converter is configured as an insulated DC/DC con-
verter comprising a transformer that comprises an auxiliary
winding on its primary winding side,
and wherein the pulse modulator comprises:
an error comparator configured to compare a feedback
voltage that corresponds to an output voltage of the
DC/DC converter with a detection voltage across the
detection resistor, and to generate an OFF signal
which is asserted according to a comparison result;

an ON signal generating unit configured to generate an
ON signal which is asserted when a voltage at one end
of the auxiliary winding becomes lower than a prede-
termined threshold voltage; and

a logic unit configured to generate a pulse modulation
signal having a level which is switched according to
the OFF signal and the ON signal.

13. The control circuit according to claim 12, wherein the
ON signal generating unit is configured to assert the ON
signal when it detects that a voltage at one end of the auxiliary
winding has become lower than the second threshold voltage
a predetermined number of times.

14. The control circuit according to claim 12, wherein the
ON signal generating unit is configured to assert the ON
signal when it detects that a voltage at one end of the auxiliary
winding has become lower than the second threshold voltage
after a set mask period elapses after the switching transistor is
turned off.

15. The control circuit according to claim 10, wherein the
pulse modulator comprises an average current mode pulse
modulator.

16. The control circuit according to claim 10, wherein the
pulse modulator comprises:

an error amplifier configured to generate an error voltage
obtained by amplifying and averaging a difference
between a feedback voltage that corresponds to an out-
put voltage of the DC/DC converter and a detection
voltage across the detection resistor; and
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a pulse width modulation comparator configured to com-
pare the error voltage with a cyclic signal having a pre-
determined cycle and having a triangle waveform or
otherwise a sawtooth waveform, and to generate a pulse
modulation signal according to a comparison result.

17. The control circuit according to claim 10, wherein the
pulse modulator comprises a fixed off-time mode pulse
modulator.

18. The control circuit according to claim 10, wherein the
pulse modulator comprises:

an error comparator configured to compare a feedback
voltage that corresponds to an output voltage of the
DC/DC converter with a detection voltage across the
detection resistor, and to generate an OFF signal which
is asserted according to a comparison result; and

an OFF time fixation circuit configured to generate a pulse
modulation signal which is switched to an off level that
corresponds to an off state of the switching transistor
when the OFF signal is asserted, and which is switched
to an on level that corresponds to an on state of the
switching transistor after a predetermined off time
elapses after the pulse modulation signal is switched to
off level.

19. The control circuit according to claim 10, wherein the
pulse modulator comprises a peak current mode pulse modu-
lator.

20. A DC/DC converter comprising:

atransformer comprising a primary winding and a second-
ary winding;

a switching transistor connected to the primary winding of
the transformer;

a detection resistor arranged on a path of the switching
transistor;

a first diode having its anode connected to the secondary
winding;

a first output capacitor having its one electrode thereof
grounded, and its other electrode connected to a cathode
of the first diode;

a feedback circuit configured to generate a feedback volt-
age that corresponds to an output voltage across the first
output capacitor; and

acontrol circuit configured to receive the feedback voltage,
and to perform switching of the switching transistor,

and wherein the control circuit comprises:

an error comparator configured to compare a feedback
voltage that corresponds to an output voltage of the
DC/DC converter with a detection voltage across the
detection resistor, and to generate an OFF signal
which is asserted according to a comparison result;

a first oscillator configured to generate a first cyclic
signal which is asserted with each of a predetermined
first period;

a logic unit configured to generate a pulse modulation
signal having a level which is switched according to
the OFF signal and the first cyclic signal;

a second oscillator configured to generate a second
cyclic signal which is asserted with each of a second
period that is longer than the first period;

a light load detection circuit configured to generate a light
load detection signal which is asserted when the feed-
back voltage becomes lower than a predetermined first
threshold voltage; and

adriving circuit configured to drive the switching transistor
according to the pulse modulation signal, and to suspend
the driving of the switching transistor during a period
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until the second cyclic signal is next asserted after the
light load detection signal is asserted.

21. The DC/DC converter according to claim 20, wherein
the feedback circuit comprises:

a shunt regulator configured to generate a feedback signal
having a level that is adjusted such that the difference
between a voltage obtained by dividing the output volt-
age and a predetermined target value approaches zero;
and

a photocoupler comprising a primary-side light-emitting
element configured to be controlled according to the
feedback signal,

and wherein a signal generated by a secondary-side ele-
ment of the photocoupler is supplied as the feedback
voltage to the control circuit.

22. The DC/DC converter according to claim 20, wherein
the transformer further comprises an auxiliary winding on its
primary winding side,

and wherein the DC/DC converter further comprises:

a second diode having its anode connected to the auxil-
iary winding; and

a second output capacitor having its one electrode
grounded, and its other electrode connected to a cath-
ode of the second diode,

and wherein a DC voltage across the second output capaci-
tor is supplied to a power supply terminal of the control
circuit.

23. A power supply apparatus comprising:

a filter configured to perform filtering of a commercial AC
voltage;

a diode rectifier circuit configured to perform full-wave
rectification of an output voltage of the filter;

a smoothing capacitor configured to smooth an output volt-
age of the diode rectifier circuit, so as to generate a DC
input voltage; and

the DC/DC converter according to claim 20, configured to
step down the DC input voltage, and to supply the DC
input voltage thus stepped down to a load.

24. An electronic device comprising:

a load;

a filter configured to perform filtering of a commercial AC
voltage;

a diode rectifier circuit configured to perform full-wave
rectification of an output voltage of the filter;

a smoothing capacitor configured to smooth an output volt-
age of the diode rectifier circuit, so as to generate a DC
input voltage; and

the DC/DC converter according to claim 20, configured to
step down the DC input voltage, and to supply the DC
input voltage thus stepped down to the load.

25. A power supply adapter comprising:

a filter configured to perform filtering of a commercial AC
voltage;

a diode rectifier circuit configured to perform full-wave
rectification of an output voltage of the filter;

a smoothing capacitor configured to smooth an output volt-
age of the diode rectifier circuit, so as to generate a DC
input voltage; and

the DC/DC converter according to claim 20, configured to
step down the DC input voltage so as to generate the DC
output voltage.
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